Nailed wall is used to support both temporary and permanent structures.
validity with the detailed method of analysis and design. The failure modes and stability analysis indicates that for a given type of deposits, the stability of nailed soil wall depends on the physical and strength properties of nail and nail spacing. Based on this above concept Juran etal (1990) proposed Nail Rigidity Number. Use of this number for a simplified stability analysis of nailed soil wall is examined in this study. The SNAILZ program is used to validate the proposed method design based on local and global stability.
EXPERIMENTAL INVESTIGATION
Although the construction procedure of a soil nailed structure is difficult to simulate experimentally and the similitude requirements between the laboratory models and prototype is difficult to satisfy, Juran and his colleagues (Juran et.al. 1990; Juran and Elias 1987) have successfully used soil nailed models to investigate the effects of main design parameters on the failure mechanism and have demonstrated that the observed model behavior is quite consistent with field observations on instrumental full scale structures.
Experimental Setup
The tank was made up of 4 mm Mild steel sheets welded together and stiffened with suitable angle sections. The size of the tank was 1.5m x 0.5m x 0.6m. Both the longer sides of the tank were made of acrylic sheet of thickness 8mm to reduce the friction. One of its shorter faces was provided with sufficient holes of 12 mm diameter to fix the measuring equipments. Arrangements were made to measure the vertical movements of soil and to measure the horizontal movements of nails by using dial gauges.
In actual soil nailed cuts, where the soil can stand unsupported for excavation depth of about 0.5 m to 1.0 m, a shot-crete or precast panel facing is commonly used. For this study on dry sand a vertical excavation face was maintained using as a rigid facing. A 10 mm thick ply board was used as a pre-placed continuous facing. Circular holes of diameter 8 mm were made on the preplaced continuous facing at selected horizontal and vertical distance. The inner periphery of these holes was made smooth by grinding to avoid any friction of the wall material with nail. Plastic bush of size 15mm diameter was fixed at the nail head using glue. This bush held the nails with cardboard in position and eventually, the soil mass also. Figure1 
Materials
Medium dry sand, classified as SP in the Unified Soil Classification System, was used as test media. The minimum dry density of sand was 1430 kg/m 3 the nails used for this experimental investigation are 3mm, 6mm and 8mm diameter mild steel and 6mm diameter nylon nails. The vertical spacing of nails is 100mm and horizontal spacing of nails is 167mm. The length of nail was 400mm. The grain size distribution curve of the sand is shown in Figure 2 . 
Loading
The loading method was selected based on the actual field conditions. A wooden block of size 480mm x 140 mm x 65 m was kept over the model wall at a distance of 125mm from the face of the wall. The block was rigid and distributed the applied load equally over its entire area. The load was applied on the block through loading frame arrangement. The applied load intensity versus horizontal displacement and applied load intensity versus vertical displacement was observed for further interpretation. The failure surface developed due to the loading was observed and recorded.
RESULTS AND DISCUSSIONS

Effect of Nail Diameter in nailed soil wall
The applied pressure verses settlement for 3mm, 6mm and 8 mm MS Nail for the selected loading conditions from face were obtained. The nail displacement verses the height of the wall are drawn and shown in Figure 3 . The maximum nail displacement is for middle row of nails. It is observed that the increase in nail diameter decreased the settlement. The displacements of top and bottom row of nails are comparatively lesser than middle row of nails. Increase in the stiffness of nail decreased the nail displacement. Failure surface mobilized during loading of the model nailed wall was observed for all the tests. During the filling the tank with sand in layers, each layer of sand was lined by colorized sand to observe the failure surface. The failure surface observed from this experimental investigation for different nails are shown in Figure  6 . To understand the stiffness of the nail in the failure surface of 6mm MS nail and 6mm Nylon nail were also drawn and are shown in Figure 4 and 5. To identify the pattern of failure surface , the failure surface assumed for simplified wedge analysis, (FHWA, 2002) and the logspiral failure (Swami Saran) surface were also drawn. The logspiral failure surface was constructed based on procedure described by Swami Saran (2005) , by assuming the included angle as 45 0 . This included angle failure surface is the critical failure surface (Swami Saran, 2005) . wedge failure surface. The failure surface for 8 mm HYSD bar is away from simplified wedge failure surface and close to vertical face. All other failure surfaces lie away from the simplified wedge and very close to logspiral failure surface. Hence it is concluded that stiffness of nailed soil wall influences the failure surface. This qualitative description was quantified using Nail Rigidity Number (Juran et.al 1990) Failure surface and nail rigidity number
The Non dimensional Nail Rigidity Number (Juran et.al 1990) , N is defined as
In the above equation, K s is the lateral soil reaction modulus, which is the function of soil strength, D is the diameter of reinforcement, γ is the unit weight of the soil, H is the wall height, and S v and S h are the horizontal and vertical spacing between two nails and l 0 is the transfer length that characterizes the relative rigidity of the nail and soil and l 0 is defend as
Where E and I are the elastic modulus and the moment of inertia of the nail
The Nail Rigidity number (N) for 6 mm, 7 mm and 8 mm MS Nail was calculated and is listed in Table 1 . The N value for 6mm nail is 26.13 and 8 mm is 53.32. It is observed that for N values lesser than 26, the failure surface is very close to log spiral. Considering the N value of 7 mm dia nails, it is concluded that if N value of a nailed wall system is less than 40 the failure surface is log spiral and greater than 40, the failure surface is simplified wedge. Further increases in N value reduce the failure surface distance, from the crest or increase the angle of simplified active wedge surface at the toe. This Nail rigidity number N, includes the height of nailed wall. Increase in the height of the nailed wall, with all other parameters remains the same, the N value get decreased. This is due to the scale effect and to be considered based on prototype dimension.
Nail Displacement and Nail Rigidity Number
From the literature it is observed that the maximum nail displacement occurs only at the surface, at active state. The surcharge on the wall within the active failure wedge changed the pattern of nail displacement. For 8 mm nail diameter the observed failure plane angle is greater than 45 + /2 and this reduction in failure surface increased the displacement of first row of nails. The value of δmax/H for different nails at different levels were obtained and presented in Table 2 . The displacement of all nails decreases with increase in Nail Rigidity Number. The displacements of bottom nails are lower than all nails. For 3 mm MS nail, the displacement of middle nail is 5 times greater than that of bottom and top nail. For 6 mm dia MS nail the top nail displacement is 2.5 times that of bottom nail and middle nail displacement is two times of the top nail displacement. The displacement of middle nails is almost same for 3 mm and 6 mm MS nail. Increase in nail diameter of MS nail by 3 mm from 6 mm decreased displacement of the bottom nail and middle nail by 50% and top nail by 20%. Also it is observed that increase of nail rigidity number from 26 to 53 changed the pattern of nail displacement i.e., reduces the difference between the top and bottom nail displacement. This variation in the nail displacement indicates the change of structural behavior of nailed soil wall.
SCALE FACTOR FOR PROTOTYPE NAILED SOIL WALL
To use of the observation made in the model study, the nail rigidity number of a prototype wall of height 2m to 9m was considered and scale factor between the model and prototype was calculated. The scale factor is constant for different dry density of sand and was verified by considering the recommend K s values of loose to dense dry sand. The data used to calculate the scale factor are listed in Table 3 and 4. Figure 6 . Show the relation between wall height and scale factor for two different types of nail. Grouted Nail of 100mm dia of M20 grade of concrete Driven Nail of 16mm dia To design a nailed soil wall using nail rigidity number the following procedure in used.
i. The Nail rigidity number for rigid behavior of wall is 40 from experimental investigation. ii. Scale factor for 9 m wall : 0.16 iii. Nail rigidity number of 9 m wall : 6.4 iv. For N = 6.4, for 100 mm grouted nail the spacing obtained is 1.2 m *1.2 m.
Validation of the proposed method of design
To check the validity and suitability of this proposed method of design of nailed soil wall, analysis was also done using SNAILZ program. In input data used for the analysis and design are summarized in Table 5 . The output obtained from SNALS program is summarized in Table 6 . The global factor of safety obtained in 1.72 and the local stability obtained are greater than 1.5. The design is safe based on local and global stability since the minimum required factor of safety is 1.35 for temporary structures. 
